Recent results show that the repertoire of anti-MHC class I-specific inhibitory receptors expressed by natural killer cells is influenced by self class I molecules in such a way as to minimize the number of cells with multiple self-reactive inhibitory receptors.
Natural killer (NK) cells have the wonderful property that their specificity is determined by what is not there. They have receptors for major histocompatibility complex (MHC) class I molecules that inhibit the killing mechanism otherwise triggered through another receptor. Thus, when the NK cell recognizes a cell that is missing class I, the inhibitory receptor is not engaged and the killing mechanism moves forward. Our understanding of NK cell recognition has improved immensely since the principle of 'missing self' recognition was proposed by Klas Kärre [1] . To be useful, an NK cell must have few enough antiself MHC class I-specific inhibitory receptors to recognize cells with reduced class I levels, but it must have at least one anti-self MHC receptor to avoid autoimmunity. Rather little is known about how NK cells are tolerized and selected, but a recent paper from David Raulet's group [2] sheds new light on these processes.
Mouse NK cells use inhibitory receptors of the Ly49 family of C-type lectins. These are very different molecules from the human 'killer cell inhibitory receptors' (KIRs), which are immunoglobulin superfamily molecules that perform a similar function. It is likely, but not yet certain, that mice have KIRs and humans have Ly49 analogs. Both types of molecule transduce negative signals using 'immune receptor tyrosine based inhibitory motifs' (ITIMs) in their intracellular domains. There are around ten different Ly49 molecules, which differ in class I specificity and have multiple allelic forms. Many NK cells express two or three (or more) different Ly49 molecules in overlapping subsets [3] [4] [5] [6] , but few express both allelic forms of the same molecule [3] .
Like NK cells, the T cells that recognize foreign antigens as peptides bound to MHC molecules have to be educated to avoid autoimmunity. According to the conventional view of thymic education, T-cell selection is a relatively straightforward affair. If a developing thymocyte recognizes self-MHC plus peptide with too high affinity, it undergoes full activation, leading to programmed cell death -negative selection. A weaker ligand provides only a partial stimulation, which allows the cell to differentiate -positive selection. If the thymocyte sees no self MHC-peptide ligand strongly enough for even partial activation, it dies through 'neglect', receiving no differentiation signal [7] .
But for NK cells, learning self-tolerance and target-recognition are very different. In order to be tolerant of self, the NK cell must express at least one self-specific Ly49 molecule. But in order to kill cells that express lower levels of class I -some tumor cells, for example, or cells infected with viruses, such as cytomegalovirus, that reduce cellsurface class I expression in the hope of avoiding recognition by T cells -the NK cell must be sensitive to a reduction in the class I level. If the NK cell were to have more than one self-specific receptor, it would make it difficult for it to recognize cells that had lost only one of their several class I molecules. [5] .) Thus, the NK cells with the strongest binding to self class I molecules are lost, not in order to be tolerant of self, as in T cells, but to be sensitive to smaller changes in the level of self class I. But this does not tell us how the repertoire of NK cells is arranged so that the cells will have at least one anti-self class I receptor (so as not to be autoaggressive), but preferably only one (so as to be able to see cells that have lost only one type of class I molecule).
In the new study of Held and Raulet [2] , transgenic mouse lines were made to express the Ly49A molecule at high or low level. Because Ly49A expression was under the control of class I promotor and immunoglobulin enhancer elements, Ly49A was present on all NK cells. In an H-2 b background, the high-expressing line had about the same level of Ly49A as in wild-type mice, whereas the low-expressing strain had about 30% of normal expression on most cells. When crossed to H-2 d mice that express a Ly49A ligand, the level of transgenic Ly49A was reduced. This downregulation of Ly49A level by the presence of ligand was expected from previous experiments [5, 6, 9] . The more surprising finding was that down-regulation of the transgenic Ly49A occurred to about the same degree, 2-3-fold, in both the high-expressing and low-expressing strains [2] .
These results argue against a 'receptor calibration' model, in which the level of Ly49 is regulated to fit with the host's endogenous class I level [5] . This model predicts that the same level of Ly49A expression would be achieved in both transgenic lines (Figure 1a) . In fact, as the experiment was done with the high-expressing line developing on an H-2 d/ H-2 d background, and the low-expressing line developing on an H-2 b/ H-2 d background [2] -with half of the ligand density -the result is even more impressive. The findings argue for a model in which the level of Ly49A is reduced in response to binding the ligand [2] (Figure 1b) . The down-regulation of transgenic Ly49A is a posttranscriptional phenomenon, as RNAase protection assays showed that the same amount of Ly49A mRNA was expressed per NK cell in H-2 b and H-2 b/ H-2 d mice. Transgene expression was controlled by different regulatory elements than the endogenous genes, so transcriptional regulation would be unlikely [2] .
A second question addressed by Held and Raulet [2] concerns allelic exclusion of Ly49 receptors and limiting the number of different self-specific receptors per cell. In a previous paper [3] they found that most cells expressing one allelic form of Ly49A or Ly49C did not express the other, suggesting allelic exclusion. Expression of Ly49A plus Ly49C was quite common, indicating that expression of one of these molecules did not exclude the other. Also, expression of multiple different Ly49 molecules is common [3] [4] [5] [6] . In the Ly49A transgenic mice on an H-2 b or class I-deficient β 2 -microglobulin knockout (β 2 m -) background, there was no effect on the mRNA level of endogenous Ly49A. This demonstrates that, unlike the feedback allelic exclusion found with the immunoglobulin heavy chain or the T-cell receptor β chain, expression of the transgenic Ly49A protein does not inhibit expression of the endogenous gene. Nor was there an effect on the cell-surface expression of the Ly49C, Ly49I or Ly49G2 molecules in β 2 m -mice. Thus, the expression of single alleles of Ly49 molecules must be explained by a different mechanism -the authors suggest a stochastic mechanism, whereby each Ly49 gene is expressed at a defined, fairly low frequency. This would result in many cells with more than one Ly49 receptor but comparatively few with both alleles of the same gene, giving a form of allelic exclusion. This would also ensure that most cells have different combinations of Ly49 proteins, and, therefore, different combinations of specificities.
In the presence of the ligand, transgenic Ly49A expression was reduced and endogenous Ly49A mRNA expression was also greatly reduced [2] . As this did not occur in H-2 b or β 2 m -mice, it was due to expression of the Ly49A transgene and ligand. The number of cells expressing Ly49G2 was also greatly reduced in the presence of both ligand -H-2D d or H-2L d -and the transgenic Ly49A. Predictions of the receptor calibration (a) and ligand-binding (b) models for Ly49 downregulation in the presence of ligand. The receptor calibration model [5] predicts that the level of the Ly49A receptor will be regulated to the same level in the presence of its ligand, H-2D d , irrespective of the phenotype (Ly49A hi or Ly49A int ). The ligand-binding model has been proposed to account for the finding that both Ly49A hi and Ly49A int populations were down-regulated by about the same amount in the presence of ligand [2] . Non-transgenic H-2 d mice had 2-3-fold higher numbers of Ly49G2 + cells than the Ly49A transgenics.
These results show that, in the presence of ligand, there is selection against cells expressing two receptors that recognize the ligand. This has also been shown in normal H-2 d mice [6] and in H-2 b mice bearing an H-2D d transgene, where the presence of the transgene greatly reduced the frequency of cells expressing two anti-H-2D d Ly49 molecules [10] . It is not clear if the reduction in numbers of cells expressing these genes is due to the post-transcriptional down-regulation described above -with down-regulation to undetectable levels, or to some deletional mechanism, as in negative selection of thymocytes.
NK cells thus undergo a process of education by the host class I molecules. The initial repertoire is modified in the presence of ligands that can bind to the Ly49 molecules, and this favors selection or survival of cells with fewer different molecules that recognize self class I molecules. The interpretation that the cells are left with only a single antiself class I Ly49 molecule is tempting on a teleological basis, because of the apparent advantages in having just one anti-self receptor. However, the lack of antibody reagents for most of the Ly49 molecules makes this interpretation somewhat less than definitive.
Two models of NK education by self class I have been proposed by Raulet and colleagues [2, 6] . A two step positive-negative selection process, based on the avidity or affinity of the interaction, could explain the data. The cells would be tested to ensure that they can bind to self class I molecules at all, but if the strength of signalling is too high, they would not progress. This is akin to positive and negative selection in generation of the αβ T-cell receptor repertoire [7] . The other model proposes that the Ly49 genes are expressed in a random order, but that they stay on once expressed. The cells are tested for self recognition, and as soon as a self-receptor appears, the NK cell matures. This is much like the sequential generation and testing of T-cell receptor α chains, except that these are deleted by further rearrangement if they cannot support positive selection.
The available data do not yet allow us to determine between these models. It is clear, however, that the NK cell repertoire undergoes selection for the ability to distinguish self from non-self based on the ability of the cell to recognize self class I molecules. These cells may have more in common with T cells than we had suspected.
